Abstract: We measured the complex shear modulus, G*=G'+iG", of glassy poly (methyl methacrylate) (PMMA) during its stop-start stretching processes to investigate the relationship between change in mechanical properties due to aging under a finite strain and relaxation of strain-induced nonequilibrium structures. The yield stress as well as the tensile modulus at the beginning of the re-stretching increased with aging time beyond their initial values in the undeformed state, showing the effect of strain aging appeared in these quantities. The storage shear modulus G' also increased with time elapsed in the stress relaxation period. The development of tensile modulus was observed to be much faster than that of the storage shear modulus. As time scales used for the dynamic measurement is much shorter than that for the macroscopic straining, evolution of tensile modulus due to aging under a finite strain is not ascribable only to the relaxation of nonequilibrium glassy structures induced by large deformation.
INTRODUCTION
A glassy polymer shows nonlinear viscoelastic behaviors with large mechanical stimuli. The yield phenomenon observed under the condition of constantrate deformation is a typical example of nonlinear behaviors. A concept of structural change due to large deformation has been accepted by many researchers as a fundamental mechanism of the nonlinear behavior [1] [2] [3] [4] [5] [6] [7] [8] . Our recent novel analyses on yielding and plastic flow in several glassy polymers [9] [10] [11] have indicated that the structure of the glassy polymers is changed into nonequilibrium structures due to large deformation. However, the mechanism of the structural change as well as the mechanism of nonlinear stress relaxation still remains unclear.
In a previous study [12] , we have examined the Figs. 1 and 2 . On the other hand, we adopted successively measured G'/G'0 during the longest aging period of tr for this figure, to avoid the scattering of the data due to occurrence of invisible or quite weak necking. Further discussion on the molecular mechanism of the nonlinear stress relaxation will require more sophisticated experimental studies and will be presented in subsequent papers.
CONCLUSIONS
An increase of tensile modulus of PMMA due to stress relaxation at a finite strain was quantitatively compared to a variation of the storage shear modulus to discuss the relationship between the mechanism of strain aging and relaxation of strain-induced nonequilibrium structures.
The tensile modulus at the beginning of restretching showed much faster increase than the storage modulus.
As time scales used for the dynamic measurement is much shorter than that for the macroscopic straining, evolution of tensile modulus due to aging under a finite strain is found to be not ascribable only to the relaxation of strain-induced nonequilibrium glassy structures.
